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ABSTRACT 

Involving children 7 and 16 years of age, two 
experiments aimed to clarify the Basis of children's confusion about 
actions they performed and actions they imagined performing. In 
experiment 1, subjects were assigned to one of three conditions, each 
involving two different types of tracing exercises. Children traced 
simple or complex pictures by choosing to use either a pencil or a 
finger^ a stylus or a finger, or a pencil or a stylus, thereby 
gaining differing amounts of kinesthetic and visual feedback in the 
different conditions. Results indicated that discrimination scores 
measuring memory for type of activity were not. just another measure 
of picture recognition. Childrisn were not equally confused about any 
two types of activities performed. They were least confused whtsh they 
performed with a pencil. Experiment 2 tested the implication that 
differences in the degree of confusion betwien ineinbr ies of tracing 
and imagining depend on the tool involved. Children using a pencil 
were expected to be less confused than others aboiit what they traced 
and what they imagined tracing. Results indicated that children were 
least confused about tracing and imagining when they used a pencil. 
Children were not uniformly more confused about memories invbl^ 
imagination. In general, results suggest that the content of memory 
is very important for discrimination performance. (RH) 
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Children's Hemory Cohfusloiis 2 
Abstract 

confusions about memories for performed and imagined 
actibhis have been observed from both adults and children alike, 
children have more difficulty than adults diBtinguishing actions 
they pirformed from actions they imagined performing IFol^y ( 
Johnson, 1965). The present experiments were designed to seek a 
clarification of the basis of children's confusion between actions 
and imaginations. In Experiment 1, 7 and 10 year olds engaged in 
two types of tracing exercises (using a pencil and a finger; a 
pencil and a stylus; or a finger and a stylus). In Experiment 2, 
children traced and imagined tracing pictures lisihg brie af these 
three tools. In both experiments, the oegree of confusion varied 
with condition. In some cases, confusions involving different 
types of tracing were greater than those involving imagihal 
memories. A theoretical interpretation is developed that 
emphasizes the importance of specific information associated with 
iiioCor programs (or children's decision processes! 
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Children's Heriiofy Cdhfiisldhs 3 
Remembering Actional 
An Analysis of the Sources of Children's Cohfuliohs 
The ehoiighE prdcesses Involved In imagining actions often 
include phyBiological comjidneHts similar to those involved in the 
actual performance of those actidni (e.g. HacKay, l98l). 
For example, quite some time ago, WashBurn (1516) suggested that 
teht;itive movements accompany imaginations, arid Jacobseh I1930J 
added empirical support, shewing changes iu electromyographic 
^ activity during imagined movement. More recently, investigators 
have reported mental practice of soflie sports activities (e.g., 
f:ee-5hdoting in basketball, dart throwing) are effective 
, rehearsal exercises, and. sometimes as. effective as physical 
practice (e.g., Feltz s Landers, 1983; iiardy i Ringiand, 1954; 
MacKay, 1981; Mendoza i wictan, 1978; Minas, 1978; 1980). 

Ihterestihgiy, the eftect of mental practice is greater when 
subjects actually imagine themselves perfori^ing actions than when 
they ijnngihe seeing themcelves performing those actions (Hlgro s 
Neisser, 1983), Furthermore, mental practice seems to be more 
effective when the individuals involved in the exircise routines 
ari already somewhat skilled (e.g., Corbin, 1972f Richardson, 
1967). These latter two findings suggest that the motor progrnms 
for the actions that vere practiced mentally were already 
represented in memory, and that mental rehearsal seems to activate 
the same motor programs involved in physical rehearsal. 

If imagined actions are actually similar to those that are 
performed, people ought to be confused at times about what they 
did and what they imagined doing, and, in fact, they sometimes 
are. Adults are sometimes more confused about what they said and 



Children's Memory confusiohK 
what they imagined saying (Foley, Johnson, 6 Raye, 1963) and, on 
occasion, they are confused about what they did and what they 
imagined doing (Anderson, i9BS; Foley & Johnson, 1985). 

Developmental theorists (e.g., Plag'et, 1929; Werner, i \i) 
would argiie children ought to be more confused about iiiefiiorics 
because of general confusion between the real and the psychical. 
Werner (1948), for example, suggested that objective reality 
(hased oh perceptual experiences) arid subjective events (eig;; 
fantasies) are clearly separated in adults but not in children; 
"In the young child there is a relatively close connecdon 
between perception and Imagery. This is grounded, first of all, 
on the fact that the real percept possesses a great deal more of 
the character of an image than is the case with the adult««tdn the 
other hand; images are (for the child) much iliore perceptual in 
nature... than with the normal adult. Because of this, small 
chiidren may consider an image not as something privy to them 
alone, but as an objective phenomenon'' (pp. 389-390). HerneL* 
further suggests that children beccme conscious of this 
distinction between reality and fantasy between 6 and 8 years of 
age; Piaget (1929) was even iiiore doubtful about children's 
abilities to separate the origin of their memories. Indicating 
that children under 11 do not reliably discriminate between the 
"psychical and Internal (vs.) the material and external\ 

Using these theoretical 'r/tings as guidelines for the 
selection of age groups to compare, recent studies have indeed 
shown that children are even more likely to confuse what they did 
and what they imagined doing. Six and seven year olds wore more 
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confused_^|hin adults about what they faid and wi,at they imagined 
sayinn (riley et aL, 1983) and both younger and older children (9 
and 10 year olds) were more confused than adults about what they 
aid arid whSt they imagined doing, For example, in one study 
including a variety of actions, children were much more cbhfascd 
than adults about what they traced with their index finger and 
what they niaglHed tracing with their index finger (Foley l 
Johnson, 1985). 

The purpose of the present experiments is to seek a 
clarification of the basis of chiiareh's coiifuiions between 
Memories for performed and imagined actions. Several alternative 
explanations fbr this memory confusion have heeti eliiiiihatea." 
For example, Foley, et al., (19B3) asked children to imagine 
themselves saying words and to listen to Another person say other 
words. When later asked to discriminate memories for words they 
imagined saying from words they heard another person say, 
children's performanci was quite good (about a5i accurate); ih 
contrast, their age mates did considerably worse (about 601 
accuracy) when discriminating memories for words they imagined 
saying from words they said performed. This difference in 
performance in the two discrimination conditions supported the 
conclusion that children's confusions Between memories for 
performed and imagined actions is riot because of a general problem 
with decisions involving memories for imagiriatioris (Foley, et aL, 
1983? Ddhhsdri i Foley, 1984). This difference also supported the 
conclusion thac young children are not uniformly more confused 
about the origin of their membries as Wirner and Piaget would lead 
us to expect* 
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Furthermore, chiidren's confusions about meiiiories for 
performed and imagined actions is not due to their having 
difficulty with any diBCriminatlons involving events from the same 
general class of experience; For exampii, young children are as 
good as adults in discriminating which of two adults performed 
r'ictions, a discrimination involving meiiiofieB Eroiii the same general 
class of perceptual experience (Foley, et al., 1983; Foley i 
Johrison, 1985). Yet, they were worse discriminating actions they 
performed froiri those they i.7.agin"ed performing, a discrimination 
involving memories that are both related to the self. 

In these two types of discriminations - i.e., distinguishing 
memories for who performed which actions and distinguishing 
memories associated with the self (perceived and imagined actions) 
" the use of specific information is helpfal in resolving the 
discrimination. For example, when deciding who performed a 
particular action, both adults and children may try to remember 
where they were looking or exactly what the person looked like 
when performing a particular actiori, and, responses during 
metamemory interviews provided an indication that adults and 
children alike drtw on this specific information wheri deciding who 
performed what actions (Foley ( Johnson, 1984). since children's 
discrimiriatibn was better when they were differentiating between 
two perceptual sources (i.e., who did what) than when 
differentiating between two self-ocherations li.e., did I do that 
or imagine doing that), apparently, for children, specific 
perceptual cjes associated with the actions of other people may be 
more readily available in memories than specific cues associated 
with th«ir own actions. What sorts of cues might then be 
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Children's Memory Confusions 7 
available to faciiitate dlscriniinating between memorleR for one's 
actions? 

There are many potentially interesting coWpohehts of the 
ineinofies for self-generations (Brunia, 15B4; Hotmah, 19B1; Raye, 
Johnson, i Taylor, 1980, Rosenbaum, 19841, any of which Wght be 
useful cues for discriminations involvincj aelf-gerierated memories 
iFoley, et al., 19B3i Raye, et al., 1980). These components may 
inr'ude aspects of cognitive operations leading to the activation 
of a concept in memory. However, they may also include 
information related to ths initiation of specific motor programs 
as well as information rilated to the enactment of those programs. 
For example, Kinesthetic feedback associated with the production 
Of an action as well as feedback to the "distant- senses (hearing, 
seeing) from the products of diie's own actions may be a part of 
action memories (Raye, et al., 1980). These cues related to 
Hii-esthetic feedback following the production of actions are based 
on immediate consequences following action enacfmeht; More 
long-term consequences may also be a part of detailed mental 
records of actions (Rjjye, et al., 1980). 

Children's confusions involving performed and imagined 
actions may reflect a general problem with ^ two types of action 
memories. Thus, they may also be cbhfused about any two actions 
they actually perform (e.g., trace with a pencil vs. trace with a 
fiiigeri; Such a generil confusion between any two ielf-generated 
nwries could uccur for at least two reasons. Children's 
memories may be less differentiated, thus, cues cssoclated with 
tha initiation, production and cbnsequincis of their actions would 
be unavailable to facilitate discrimination. Or, children's 
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decision processes may be dominated by the use of one of these 
types bf cues. For r:;ampU, they may focus on the fact that a 
-to^ program was imitated (when performing or Imaginl., an 
-tionl.wlth little consideration given to information about 
detailed records of the actual actions: 

However, it is premature to suggest either of these 

-Planations as tH. basis for children's m..«y confusions. In 
tl>e previous studies, children simply said words or performed 
-Pie actions like those included in a Si.n-says game (Poley, et 
^1-. 1983; Foley. a«, 1985). Thus, there w«. mihinal cues 
associated with kinesthetic feedback from one's own activities 
(e:g:, pronouncing individual words or tracing with one's index 

finger does not involve a great deal Of feedback). Mso, there 
were no visible consequences following pronouncing words or 
"acing exercises. Children may need tangible r,ebrds of the 
consequences of their own .,tlo„s to help them differentiate, for 
ex^^pi^, what they traced fro. .Hat they i,.,i„ed tracing. 

The present studies examined the consequences for memory 
^"criminations Of both kinesthetic feedback and visible records 
following one's actions. Kinesthetic feedback and visible 
consequences were manipulated by including different types of 
pictures (simple and complex line drawings) and different types of 
tracing -tools" (finger, stylus and pencil). 

Tracing exercises are effective fo.- assessing the relative 
bf information associated with the initiation, p.adO.tlon 
(e.g., kinesthetic feedback) and consequences following one's 

^^^^^i-ery little coordination involved in tracing 
ever the lines in a drawing asing one's i«a.x finger. However, 
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CHUdreh's Heiiidry Confusions 9 
the us^ of pencil or a stylus (an instrument shaped exactly like 
a peiicil, aiid cf the same size, but having no lead) to trace a 
picture of a giraffe or a traffic light involves fine motor 
coordination in that it taHes effort to hold the tool and keep its 
point on the lines in Che drawing); Thiis, the relative amount of 
information about kinesthetic feedbaclc is grea^er when tracing 
with a pencil or a stylus than when tracing with a finger. And, 
since both simple and complex pictures were included, the aiiiciiht 
of information associated about kinesthetic feedback should be 
greater for complex pictures than simple ones. 

The consequences following tracing exercises are also more 
evident depending on what tool is used. The use of the pencil, in 
contrast to the other two, produces more Ibhg-terni consequences 
(e.g., noticing and then rementbering how accurately one traced 
over a particular picture). There are no visible outlines when 
tracing is done with a finger, and the visible outlineiS produced 
by the stylus are, at best, faint. 

In both experiments, subjects were from 2 age groups (7 and 
10 year olds). In Experiment I, there were three cohditidhs, each 
involving two different types of tracing exercises (using 7, pencil 
vs. a finger^ using a pencil n. a stylus; or using a finger vs. a 
stylus). In Experiment 2, thtre were three conditions each 
involving tracing vs: imagihthg; the only difference was in the 
tool involved (pencil, styluS or finger). 

Experiment 1 

There were three conditions in Experiment 1. in the Pencil 
vs. Finger condition, childriin traced some simple arid complex 
pictures using a pencil, and^others using an index finger, in tHe 
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Stylus vs. Finger condition, children traced scae pictures using a 
pencil and otliers using a stylus, in tlie Pencil vs. stylus 
condition, childieri traced soine pictures using a finger »and others 
using a stylus. 

if children's action memories are undifferentiated or if 
their decision processes are dominated by one type of information 
le.g., the fact that an action was initiated) then their 
confusions about which tools they used to trace particular 
pictures should be comparable ^croRs these thrpe conditions. On 
the other hand; if children's action nieiiibries include specific 
information assocldted with IciriesEhetic feedback and its 
consequences, tnd if children use these cues when discriminating 
between celf-generations, then confusions should differ across 
conditions. 

Specifically, assuming that children do use specific cues 
related to kinesthetic feedback and the visible ccnsequences of 
actions when malcing decisions, the differences in the relative 

amounts of information associated with these kinds of cues lead to 

■ ■ t 

specific predictions for the results of Experiment 1. First, when 
discriiiiihatirig between pictures traced with a pencil from those 
traced with a finger, since kinesthetic feedback and visible 
consequences are greater following the use of a pencil compared 
with the use of a finger, performance should Be relatively good iii 
this condition, Secondly, the primary difference between tracing 
with a finger and with a stylus is in the availability of 
kinesthetic cues since visible consequences following both kinds 
of tracing exercises are niihiiiiai. Thus, we might expect 
performance to be worse in this coriditibh compared to the first 



Children's Memory Confusions 11 
one (pencil vs. finger). Finally, when discriminating between 
pictures traced with a pencil and a stylus, cues based on 
kinesthetic feedback are fairly equivalent, and the only 
aiftercnce between these two tracing exercises involves the 
visible consequences following the use of the pencil. If onl^ 
cues associated with consequences are important, since there are 
considerable differences in this type of information associated 
with the use of a pencil and a stylus, then discrimination in this 
condition should resemble discrimination in the first condition 
(finger vs. pencil). However, if kinestHetic cues are also 
important, since their overlap is considerable when using a pencil 
and a stylus, discrimination performance should be also be lower 
in this third condition compared with the first, 

flet^ 

SM^ect!' Thirty children from each of two age groups were 
randomly assigned to one of the three conditions (H « 60). 
Children were from two parochial schools (In Saratoga Springs and 
Rochester, New York). Their mean ages were ?,5 Irange 7.0 - 7.11) 
and 10.5 (range 9.11 - 10,5). The socioeconomic and cultural 
backgrounds of the children were quite similar (middle class) and 
children from the two schools were represented proportionally 
across the conditions. Hale and female subjects were also 
represented equivalehtty across conditions. 

Hettrtais. Twenty four pictures 112 siniple and 12 complex) 
were chosen from a set of 260 for which Snodgrasa and Vanderward 
(1980) published complexity ratings. The mean complexity or 
detail (i.e., the amount of detail or intricacy of the lines) was 
1.47 and 4.0 (out of 5] for simple and conplex ratings. The 
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standard deviations were .35 and .5K for simple and complex 
pictures, respectively, In addition, for the simple and complex 
pictures included here, the mean ratings were comparable alid high 
for familiarity and for image variability (i.e., the degree to 
which the pictures resembled subjects' mental images of the 
pictures) (Snodgrais & Vanderward, 1980). 

Eight simple and B complex pictures were selected randomly 
from the set of l\ as targets and the remaining pictures were 
distractor items on the subsequent memory test. The pictures were 
drawn by one of the authors on individual sheets of white paper 
(3- X 5"), photocopied and bound into booklets. Simple and 
complex pictures occurred equally often under both tracing 
exercises in each condition (e.g., tracing with a pencil vs. 
tracing with a finger). The order of occurence of the pictures 
during the tracing phase was random with the restriction that both 
picture types (simple vs. complex) and tracing exercises (trace 
with a pencil or stylus) occurred equally often in each quarter in 
the trial sequence. 

Procedure. All subjects, randomly selected and assigned to 
one of the three tracing conditions, were tested individually in 
school rodins such as the library by one of three female 
experimenters each of whom was represented proportionally across 
conditions. Children were Invited to play a detective game, a 
cover story used successfully in previous studies (e.g., Foley et 
al.* 1983). Children were told ^hat good detectives do all sorts 
of things and look for clues about what they are doing. So 
sometimes I will ask you to trace over the lines in a picture like 
this one with a pencil and other times I will ask you to trace 



ERIC 



13 



Children's Memory Confusiohs 13 
over all the lines in a picture like this with this tooP (e.g., 
the stylysK 

Though given Ohlimited time to finish the tracing exercises, 
children completed the first phase in 15 minuteB. As children 
finished each picture, it was removed from view. Following a 
brief retention interval, children were surprised with a iiieinbry 
test. Tliey were shown the original 24 pictures plus 12 fillers 
and, for each, they were asked to indicate how they traced the 
picture previbiisly. For example, they were asked to decide if it 
was one they traced using the pencil, one they traced using their 
finger, or a new picture not included in the previous set. 
Following this test, they were asked how they cbiild tell which 
jiicturis they traced with a pencil and which they traced with a 



Results 

The results are discussed in terms of two dependent 
variables; Picture fecdghition and discrimination for the type of 
self -genera ted activity involved (e:g;, tracihg with a finger vs. 
pencil), the "discrimination score provides a measure of the 
subject's ability to remember how they traced each picture giveri 
that they recognized the picture as an old one, included in the 
first phase of the experiment. 

Preliminary analyses indicated that there were no sex 
differences nor differences iri the performance of the chiidre'n 
from the two schools, thus, the analyses reported here collapse 
across these two variables. For subsequent analyses, Scheffe's 
test was used; only those results significant at the .05 level or 
less are reported". 
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Hcture Recoc;ajtiog, Subjects' classifications of the 
pictures were first scored for simple recognition - l:e:, the 
number of pictures mistakenly calied "new- (misses) arid the number 
of pictures mistakenly called "old- (false positives), il a 
2(agej x 3(condition) x 2(Eype of picture) analysis of variance on 
misses, there was only one significant effect. The mean number of 
misses on simple pictures (H - .35) was higher than tht mean on 
complex pictures (H - .12), f(I,54) » 7.60, g < .OOa; The same 
type of analysis on the false positive data indicated that there 
were no main effects nor Interactions. As the data in TaSle 1 
indicate, misses are quite low, thus recognition of the pictures 
was close to ceiling; Neverthiiiss, it is Important to include 
these data because memory for the type of activity (e.g., trace 
with pencil vs. stylus) was not close to ceiling, as the" next 
section shows, and it is important to realize that the 
discrimination scores measuring memory for type of activity are 
not just another measure of picture recognition. 

Insert Table 1 about here 

jjiscrimination-Pprfga^ Subjects' responses on the 
memory test were also scored for discrimination performance bv 
computing a propbrtibn. For example, the number of pictures the" 
subject correctly identified as thee traced with a pencil £lus 
the number identified as those traced with a finger were divided 
by the total number of pictures correctly recbghized as ^old 
ones." These proportions were computed separately fbr simple and 
complex pictures, and they are shown in Table 2: 
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Insert TaBle 2 aboiit here 



In a 2(age) x 3(condition) x 2(type of picture) analysis of 
variance on the discrimination scores, there were no overall age 
differences; There was a significant interaction between age and 
picture complexity, F|l,54) = 6.17, e<.02. Scheffe's test showed 
that, for older children, there was a significant difference in 
the scores for simple (H = .72) and complex pictures |H = .86). 
However, for younger children, this difference was not significant 
(M « .83 and .86 for simple and complex pictures, respectively). 
We expected that the manipulation of picture type would affect 
aiscrimination performance, and these results suggest that it did, 
&ut; interestingly, only for older children. 

Also as expected, discriminition scores varied across the 
three conditions (see Table 2), ri2,5^j - 4.00, g < .02. The 
results of Scheffe's test showed that the mean discrimination 
score for subjects discriminating between the" use of a pencil and 
a finger was significantly higher (H - .89) than in either of the 
othe two conditions; The mean discrimination scores for subjects 
discriminating between the use oi a finger and a -tylus (M - .79) 
did not differ from those discriiiiinatihg between the use of a 
stylus and a pencil |M = .77). 

In summary, the results of Experiment 1 are important for two 
reasons. First, they show that children are not equiliy confused 
abbut anv two types of self-generations. Secondly, the fact that 
children were less confused when using a pencil indicates that 
cues related to the consequences of chiidren's actions ate 
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important for discrimihatibn perfbnnance. If our emphasis on the 
role of consequences is correct; then we should also see 
differences in the degree of confusion between iioiofies for 
tracing and imagining depending on the tool involved; This idea 
was tested in Experiment 2. 

Experiment 2 

Seven and 10 year olds were assigned to one of three 
conditions. They traced vs; imagined tracing simple and compicx 
pictures using one of three tools: an index finger, a stylus or a 
pencil. Based on the outcomes of ExpeHiiieht 1 , we expected that 
children would be less confused about what they traced and vhat 
they imagined tracing when using a pencil because Itinesthetic cues 
and visible consequences associated with the use of the peiicxl 
should facilitate the discrimination process, confusions should 
be greater, by comparison, when tracing and imagining tracing with 
a nylus because of the absence of visibii consequences. However, 
there is more kinesthetic inforiatiori associated with the use of a 
stylus than the use of a finger, thus, we expected that 
discrimination performance would be better when tracing and 
i^naginlhg involved i stylus compared with when they involved the 
use of a finger. 

Method 

Mjects._ Thirty children from each of two age groups were 
randomly assigned to one of three condition 111=90). Children were 
from tlie Saratoga Springs school district with males and ferailes 
represented proportional ly across conditions. Their tiiean ages 
were 7.4 (range 7.0 - 7.9) and 10.6 (range lo.O - 10.9). 
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children's Heinory Confusions 17 
Materials and Prncpaori: The materialB aha cbunterbaiancing 
procedure! used in Experiinent 1 were identxcal with those used in 
Experiment 2, When Involved in iw^ginihgt cfiildreh were 
encouraged to sit comfortably but very still during imagining so 
that they wbiiid libt give the experimenter any *ciues" about what 
they were imagining. For example, in one condition, children were 
told that "good detectives m very careful hot to give any clues 
about what they are thinking. So sometimes I wxli asK you to 
t race over -aU the lines in a picture like this one with your 
finger and other times I will ask you to imagine ssing your finger 
t_b trace over aU the lines in a picture like this on^. Now when 
you are imagining yourself tracing be careful not to give me any 
clues or hints about what ybu ar imagining/ 

Several practice trials were included, Children did not seem 
to have any trouble understanding the nature of the tasks, and, 
their spontaneous reactions while trscina indicated that they 
were, in fact, imagining as we requested them to do. For example, 
children from both age groups would say "Oops I I have to erase an 
error in iny mind, I went off the lihe...lbrj Oh, i m glad I'm 
tracing this in my ttiind because ybu can't see my mistakes on this 
one.,.. lor) Oh, I missed that part, let me go back in my mind and 
finish." Children were given unlimited time to finish the tracing 
exercises, and, as they finished each picture, it was removed from 
view. 

Results 

Pieliroinary analyses indicated that there were no sex 
differences, thus, the analyses reported below collapse across 
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; sex. scheffe's test was used for subsequent analyses; only 

j ., . ._. 

results significant at the .05 level or less are reported. 

Ss in Experiineht 1, misses and false positives were extremely 

] low, indicating picture seniofy was hear ceiling, For this reason, 

I 

I the analyses are not reported. (They were largely 

j nonsignificant.) However, as the analysis of the discrimination 

I data shows, memory for pictures traced and imagined was not close 

j to ceiling. Since all three conditions in Experiment 2 involved 

I tracing and imagining, this factor was included as a variable 

i along with the three other factors of interest (age, condition and 

I type of pictDre); K 2(age| x 3(cohdl£iohl x 2(type of picture) x 

I 2(trace vs. imagine) analysis of variance showed there were no 

! 

differences between the age groups, thus, the means in Table 3 
collapse across age. As shown in Table 3, discrimination scores 
were sighificahtly lower for simple pictures conipar^.d with complex 
ones, F(i,54) = 5.0, £<;03. 



Insert Table 3 about here 

i 

j There was also a main effect for condition, F(2,54) = 7.9, 

j 

E<;0D1, and this can be seen by looking at the overall 
I discrimination snores for tracing vs. imagining in each condition 

I in Table 3: The ihteractibh between condition and tracing 

activity (trace vs; imagine) was also significant, F(i,5,4) ~^ 3.9, 
2<M, Subsequent analyses using Scheffe'c indicated that the 
difference in the discrimination scores for pictures that were 
; traced vs. imagined vatied with condition. The difference was 



18 



19 



Chilaren's Memory Contusions 19 
greatest when a finger was used, and smallest when a pencil was 
used; 

In sunniary, the results of Experiioent 2 are important in 
dewonstrafiiig that tlie extent to which chiidrcn are confused about 
memories for performed and imagined actions depends upon the 
particular memories involved. Since the results are also in the 
direction that we predicted, the findings also emphasize the role 
of kinethetic cues and visible consequences for discriminations 
involving these sorts of memories related to the self. 
General Discussion 
Foley and Johnson (19B5) reported that children were more 
confused than adults about memories for performed and imagined 
actions whereas children weri no more confused than adults when 
discriminating what they dia from what they saw someone else do, 
or when discriminating between whftt two other peo?h did. Wh?.t 
remained unclear from previous studies was how to interpret 
children's trouble in separating memories based on parfbriiied 
(speech or actions) and iniagined activities. Was their difficulty 
in separating memories for performed and imagined actions 
independent of the content of those memories? And, more 
generally, was children's difficulty aii indication of a general 
problem associated with differentiating between any two types of 
self -generated memories? 

The results of Experiments 1 and 2 suggest that the dnswer to 
both of these questions is no. The present studies indicate that 
children are not equally confused about any two types of 
self-generations; In Experiment 1, the exte;it tj v;hich they were 
confused about two types of actions actually performed depended on 
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the actions involved; Children were not particularly contused 
about what they traced when using a pencil and a finger, accuracy 
was In contrast, they did riuch worse when tracing with a 
pencil and a stylus or when tracing with a stylus arid finger 
iacciiracy was in and 771, regpectiveiyj. In Experiment 2, 
chil3ren were more confused in some conditions than in others 
about what they traced vs. what they imagined tracing, Chlidien 
were more confused about tracing and itragining when using a iinger 
or a stylus than when using a pencil. Finally, when comparing 
Experltnents I and 2 (Tables 2 and 3), it Is clear that children 
are not uniformly mbre confused about membries involving 
imaginations. 

The relative aiaount of i.-rformation associated with 
kinesthetic feedback was varied in these studies by asking 
children to trace simple and complex pictures and to use one of 
three tools to trace; The use of a pencil and a stylus both 
involved more fine motor coordination relative to one's index 
finger for tracing the lines in the pictures; Thus; th*; "relative 
amount of information based on kinesthetic feedback was greater in 
cases involving the use of a pencil or a stylus. 

filso, the use of the pencil, in contrast to the other tools, 
meant that there were more obvious visible consequences following 
the Completion of the exercises, providing additonal cues to 
facilitate discrimination performance; find; since sbiiie pictures 
were more complex than others, vlfiible effects were even more 
evident in some instances than in others, hs we iiieiitiohed; 
children held tools very securely, and carefully traced along the 
lines ih the pictures, thiis, there was a fair amount of effort 
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Children's Meiiiory Cbhfiisibhs 21 
involved in producing the responses. How might these specific 
cues ilieSiateidiscninihaUbn perforinance? 

Perforiliacc vas typically good when tracing with a pencil. 
Presumably pencil tracing produced a considerable amount of j 
information about kinestnetlc feedback and visible consequences, j 
thus increasing the identification of pictures that were traced 
ifith a pencil. The one exception involved discriniihating between i 
pictures traced with a pencil vs. those traced with a stylus j 
(Experiment 1). While the visible consequences associated with ' 
the use of a pencil were greater than those associated with the ' 
use of a stylus, the similarity between the Anesthetic feedback ! 
associated with each tool was considerable, reducing the 
aiscriminability between the memories, and thereby reducing | 
discrimination performance in this condition (see Table 2). 

The role of kinesthetic cuer and ^'isible consequences are 
agiiih evident when examining what happens when tracing involved 
the use of a finger or a stylus (ExpeHment 1). while the 
kinesthetic feedback associated witli cracirig exceeds that 
associated with the use of a finger, there is still corsiderable 
overlap between the information associated with tracing when a 
fiiicier and a stylus are used because of the absence of visible 
consequences following the ur,e of these two tools. This increase 
in the similarity between the two sets of memories evidently 
decreased tfieir disciiiiihability, aiid hence, discrimiiiation 
performance was worse when discriliiihatihg betveen these two 
memories (Table 2, Experiment 1). Mscrimlnation was also poorer 
(compared to that observed when a pencil was usf^d) when either of 
these tools was involved in discriminations involving tracing and 
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imagining (Table 3, Experiment 2). When using a pencil, the 
relative difference fjetween tracing and imagining is corriderable, 
liicrsasing the discriminability between thess two types of 
memories, if there is greater overlap b»:tween these two Scwory 
classes, then there should be greater confusion and, indeed, tliere 
was in Experiir,ent 2. For example; when using a finger or a 
stylus, the rtJative differences between tracing and imagining are 
rediiced: increasing the simijarity i)etween the memory types, and 
decreasing their discriminability. Since the presence of 
kinesthetic cues dia hot seem to facilitate perforniancii in cases 
involving the stylus, we can conclude thet the presence of visihis 
consequences are particularly Inipbrfaht to children. 

Our results suggest that the content of Memory is very 
important for discrimination performance; lelative differences in 
SEfcific information basod on kinesthetic feedback as well as 
tangible records following one's actions are important for 
children's discrlmlhatsori between memorifis related to the self, 
Their problems reported in previous studies sep^ii to occur because 
.'.he information associated with th« enactment of motor programs 
associated with speech (Foley, et p.:., 1983) or simple actions 
(Foley s Johnson, 1985) did not include "extemnl marker* (e.g., 
how one felt when finishing the tracing with a pencil nor how 
one's tracing "results looked upon completion j. Thus, in order to 
differentiate perfbrmed frbiri imagined actions in these cases, one 
might have to rely on more internally-based cues such as those 
asiociated with the cognitive operations involved in imagining 
(Foley, et al., 1983). 
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Hnw, why Sight there be a developmental change in the ability 
to use these ihternal ciies to faciUtaie memory? Kif.h increases 
in age, children are exposed t.i and called upon to mi their 
cognitive operations (e;,;; refeeirsing, sysiematicaiy searching 
nemory) in more formal settings for explicit purposes or goals 
(e.j., sciiooi assignments; hnmewor!: assignments), perhafs after 
these opei-ations themstlves have Become r,o:e differentiated from 
cthfir knSiledgi structures, th^y are then uselui as discri^ins-ive 
c:ies (RoBi,ison, Foley, santini, i Darrstt; 19871 ; 

There is an alternative way of interpreting our findings, a 
way that does not draw or specific information present it) the 
memories for one's own actions. The difficulty in imagining 
tracing may have varied with the tool children were asked to use 
aurihg imagining. It could have been, for example, that it was 
more difficult io imagine using a pencil than if was to imagine 
using a finger. Siid, as a result, children may nave been less 
successful with imagined tracing exercises that involved pencils 
compared with those involving fingers. The consequence of this 
could have been to reduce the similarity betwien real ani imagined 
tracing in some cases, thereby increasing the discrlminabllity 
between the memories associated with pictures that were traced and 
those that weri iniagin.d. This could account for the superiority 
of children's performance when pencils were involved; 
Essentially, this alternative interpretation rests on m 
jssumption that children have trouble engaging in imaglnal 
activity "on demand." 

However, we are not persuaded by this alternative 
ihterpretition, in pan, because :here are ample examples of 
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deliberate 5y,»bolic play ^ritUb io„e type of self-generation I 
that invaive chiidKn's delifcefate cohtrbl over i-,aginal 
activltiec irein, 197j; Vswkey t pgHjgjino, 19B4). «ore 
iinporfi.htIy, there is evidence to suggest that children can follow 
explicit iir.3gery instructions, generating visual issgis in a 
■ashion similar to adults jJohnso.,, Raye, Hasher ; arromlak, 
lS7Sf. Also, Elie way in which chijcixen ipanipuij<te visual images 
apparently resembles that of adults (Kali, 1985; Harmnr, 1975). 
Not only can they follow explicit imagery instructions, but ^hey 
also aee-n to spontaneously <je„etate ir.ges a t sLion similar to 
adults. For example, Kossiyn m ma (19731 reported that if a 
new sentence on a recognition m p.oauced a visual i„age similar 
to an image produced by an old sentence, children make recogniton 
errors. And, in some recent utjt, children as young as 7 engage 
in spontaneous and elabdrative iuaglnai activities involving 
auditory and visual images in » pi,„6r ^^^y^ to adults (Foley t 
Santini, 1987). 

Children's spontanecjs tmxh daring the tracing and testing 
phases of Experiments ) and 2 are also inconsistent with the idea 
that children are unable to engage in iwginal activities on 
demand. They spontaneously c^mim (e.g., *phewl'| about the 
effort involved in tracing ^ a pencil or a stylus and they 
frequently commented about the 'pfoducts" of their efforts. Some 
expressed pleasure that this flot a test" because of the 
number of times ihey went off the lines. When Imagining, children 
Often copented that they were "telieved" because we could not see 
their mistakes produced by the pe„cil as they were "tracing in my 
It is Interesting to note that implicit in these reiiiaflis 
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are children's ieir-evaluaElohs of affective reactions to their 
own vorki reactions that ve suspect are iinportaht for 
discriinination processes. In fact, children's spontaneous remarks 
are cbhsisent with our preferred interpretation, one emphasizing 
the role of specific cues associafced vith inotor programs for 
dtscfimihatihg between different types of activities, 

Our studies suggest that children's memory confusions depend 
on the extent to which those meindfies share coninioh and specific 
featareg associated with their prdductidh and cdhaeguehces (or 
lack thereof). The wore similar the memories, the more likely IE 
wiii iie that children need to "inspect* those memories more 
carefuiiy, examining cues based on fine distinctions 
differentiating those metnories. When these fine distinctions have 
specific external markers (e.g., self-initiatea effects on the 
environment! I children's confusions are noticeably reduced. 
However, when even finer distinctions are required, perhaps 
involving the use of cognitive operations associated with the 
iniEiatibh of activities (real or imaginedj children seem to be 
very confused; 

Our emphasis on the role of ihfdfination associated with motor 
progfams also implies that the ihvblvemeht of the self as the 
agent in the imaginations is critical, if cues associated with 
specific motor programs mediating one's actions are iinportaht, 
then who one imagines (oneself or someone else) should have 
iinpbrtaht and different consequences for memory confusions. Some 
hew work we are dbiiig suggests that this is, in fact the case. 
When children imagine theitisiilves; they are iiibre cbhfused abbiit 
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what they did and what they imagined than when they imagine 
someone else (e.g., parent, friend) (Foley i Santini, I98?j* 
Concluding on a more general point, the assiunptibh that 
children are uniformly confuaed about the origin of their niciiiofies 
is quite prevalent (Johnson ( Foley, 19B4; Plavell, i986). 
However, our studies suggest that careful attention must be given 
to the typnss of memories we are considering before predicting 
chiltiren's memory problems, Furthermore, an analysis of action 
memories in terms of recent models of action systems sf;dms to be a 
fruitful way to begin the specific sources of children's memory 
confusions. 
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j Footnote 

I I. The discrimination scores were slightly skewed in a positive 

i direction; Therefore their arcsln transformations were calculated 

I 

' and the analyses of variance were caiciiiated for these 

transforiiiations; The resiiltB were the sanie as those repbrted for 

i the nontransformed scores. For purposes of clarity, the 

discrimination scores themselves are repbrted. 
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Table 1. Mean Number of Missesi Picture Recognition, 
ExperiiiienE I 

Picture§ 
Simple Complex 
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Trace with 

Pencil vs; Finger 

Stylus vs. Finger 

Pencil vs. Stylus 



.35 
•35 



.05 
.30 
.DO 
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Table 2; Mean Proportion Discrimiriatidh Scores for 
Simple and Complex Pictures, Ejipefiiiient 1 

Pictures 
Simple Crmplex 



Trace with 

Pencil vs. Finger .85 

Stylus vs, k-lnger .72 

Stutus vs; Pencil .75 



.93 
.B3 
.63 
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Tpble 3, Mean Proportion Discfimindtioh Scores for 
Simple and Complex Pictures; Expefiiiient 2 

Pictures 



Simple 



Tracing I imagining Tracing 
Using a finger 

while tracing 
while inagining 
trace vs. imagining: 
overall discrimination 
Using a stylus 

while tracing 
while imagining 
trace vs. imagining: 
overall discrimination 
Using a pencil 

while tracing 
while imagining 
trace vs^ iitiagihihg: 
overall discrimination 



.92 

;6I 

.77 

.82 

.78 

.80 

.97 
.92 

.94 



Complex 



.97 

;75 

.86 

,83 
.60 

;8i 

.98 
.95 

.96 



